Introduction
Macronutrient requirements and the proportion of total energy which should be provided by carbohydrate, fat and protein are perennial topics for debate. An underlying principle, often forgotten, is that a wide range of dietary patterns, and hence macronutrient intakes, is compatible with satisfactory growth and development, maintenance of good health and longevity. For example, in most traditional Asian dietary patterns, a high proportion of total energy is provided by carbohydrate, and fat intake is relatively low, whereas in most 'Western' diets fat intake is appreciably higher. Yet, both approaches have the potential to achieve the expectations of optimal nutrition, suggesting that total energy intake and nature (quality) of macronutrients must be of greater importance than the precise distribution of intake. Table 1 shows the range of acceptable intakes recommended by the World Health Organization (WHO) considered appropriate for all populations.
Protein
Proteins are essential to the structure and function of all cells and are involved in many essential metabolic functions which are linked to the me-tabolism of other nutrients. Protein is the second most abundant chemical compound in the body (after water) contributing about 16% (i.e. 11 kg) of the weight of a 70-kg man. Dietary proteins are absorbed, following digestion, as amino acids which then contribute to the total amino acid pool, from which the body's proteins are synthesized. All 20 amino acids are essential for protein synthesis but some can be synthesized from other metabolic precursors and are described as 'dispensable' amino acids. Nine of the 20 amino acids required for protein synthesis cannot be found in the body and therefore must be obtained from the diet. These are termed as 'indispensable' amino acids with the remainder being 'partially dispensable', i.e. they have the potential to be synthesized but not to the extent that fulfils the body's requirements ( table 2 ) .
Requirements for protein are expressed in terms of total protein and individual amino acids. The estimated average requirement for total protein in order for an individual to remain in nitrogen balance is estimated to be about 0.65 g protein/kg/day, with two standard deviations added to define the recommended daily intake, i.e. 0.83 g/kg/day, with specified amounts of essential amino acids ( table 3 ) . Protein requirements may also be considered in terms of nutrient density [protein (P):energy (E) ratios] when giving advice about types of diet and foods. Because infants and children have very high energy requirements, their protein needs, at least in most societies, are met by diets with a relatively low P:E ratio. As energy requirements reduce with age, the P:E ratio needs to increase and protein dense foods are more important. This applies especially for the elderly. With even relatively small amounts of meat protein or a wide variety of plant protein sources, most populations achieve adequate intakes of total protein and indispensable amino acids. However, when only a limited range of vegetable sources of protein are available, lysine and tryptophan deficiencies may occur. Protein deficiency is commonly seen in association with famine, resulting from natural disasters or conflict and in conditions of extreme poverty. In any society and in association with any dietary pattern, deficiency may occur in situations of increased demand (e.g. infections or stress), increased losses (e.g. hemorrhage or burns) or when individuals are living in adverse social and physical conditions.
Protein intake from nonmeat sources is remarkably similar throughout the world, around 50 g/day. However, protein from meat sources varies enormously from very small amounts in countries such as Nigeria, Zimbabwe and India to average intakes of around 50 g/day or more in affluent countries. This equates to intakes of between 10 and 15% total energy. This has traditionally been considered to be an appropriate range of intake.
Somewhat more controversial has been the recent discussion as to whether diets containing larger amounts of protein might facilitate weight reduction and maintenance in overweight and obese individuals and populations, management of diabetes and enhanced bone health in the elderly. Relatively high-protein, low-carbohydrate diets such as the 'South Beach' and 'Zone' diets provide up to 30% total energy as protein and have been shown in relatively short-term studies to be more effective than high-carbohydrate diets in these respects. However, there is no convincing evidence of long-term benefit, and issues of cost, sustainability and long-term safety also require further consideration before such a recommendation can be endorsed.
Fats
Some people in high-income countries regard fats and most oils as foods to be avoided as far as possible because of their roles in obesity and coronary heart disease. However, lipids form an essential component of adequate nutrition as sources of energy and some, which cannot be synthesized by the body, are essential nutrients. They are important structural components of all membranes and have roles in cell signaling. They are the only form in which the body can store energy for prolonged periods of time and are essential for the provision and absorption of fat-soluble vitamins.
Most fatty acids can be made in the body, except for two essential fatty acids, linoleic and α-linolenic acids. Specific deficiencies are very rare even when intakes are very low, as is the case in some African and Asian countries. However, to ensure adequate intakes, some organizations have suggested minimum desirable intakes. For example, the WHO recommends that at least 2% total daily energy be derived from ω6 (n-6) polyunsaturated fatty acids, which includes linoleic acid, and 0.5% total energy from ω3 (n-3) polyunsaturated fatty acids, which includes α-linolenic acid. There are also recommendations for eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids (the WHO recommends 0.25-2.00 g/day of EPA plus DHA), especially during pregnancy and lactation, to ensure adequate levels for the fetus and young infant. Infant formulae, especially those intended for premature infants, should contain EPA and DHA in similar proportions to those found in breast milk.
While much of the discussion around fat intake centers on acceptable upper limits, it is important to appreciate that dietary fat is essential for ensuring that energy needs are met in addition to providing the source of fat-soluble vitamins and essential fatty acids. It is generally assumed that for most adults, fat should provide at least 15% of the total energy requirements and 20% for women of reproductive age. A much higher proportion is generally assumed to be required by infants and young children in order to meet energy requirements for growth. Fifty to 60% of the energy content of breast milk is derived from fat, and during weaning it is necessary to ensure that fat intake is reduced gradually. At least until the age of 2 years, fat should provide about 40% total energy.
The dietary patterns of many Asian countries and the traditional diets of some other populations include fat intakes at these lower limits. Given the low rates of ischemic heart disease, low levels of LDL cholesterol and relatively long life expectancy, for example amongst the Japanese, it has been widely assumed that, regardless of dietary pattern, optimal fat intake should be much lower than those which characterize the diets of most Western populations. Diets low in saturated fat and with moderate amounts of cis-unsaturated fatty acids have been shown in dietary intervention trials to reduce indicators of cardiometabolic risk and in a limited number of longer term trials to reduce clinical ischemic heart disease. Guidelines have varied from country to country and according to whether individuals or populations are at particularly high risk of ischemic heart disease, but have generally suggested upper limits of total fat intakes ranging between 30 and 35% total energy with intakes even below 30% in those at high risk of ischemic heart disease or where a low-fat dietary pattern is preferred. The recommendations have particularly focused on reductions of saturated fatty acids to around 10% total energy (or less for those at risk of ischemic heart disease), well below that currently consumed in many countries with typical 'Western' dietary patterns.
More recently, the concern that a high intake of carbohydrate and sugars in particular may be a cause of obesity and some of its comorbidities, the observation that saturated fatty acids may only adversely affect the nonatherogenic forms of LDL and the demonstration in relatively shortterm studies that high-fat diets may facilitate weight loss and improve some cardiometabolic risk indicators, have led to the suggestion that a high fat intake (up to 40% or even more) may be acceptable or even desirable, especially when consumed in conjunction with a high protein intake. It is argued that epidemiological data, most notably the potential health benefits of various Mediterranean dietary patterns, relatively high in mono-and polyunsaturated fat, support such an approach. A strong counter-argument to liberalizing total fat intake in populations prone to overweight and obesity is the association between higher total fat intakes and excess body weight. The only official endorsement, at least in part of this approach is to be found in the 2012 Nordic nutrition recommendations which permit a total fat intake as high as 40% total energy, though the restriction on saturated fat intake to 10% total energy remains.
A total polyunsaturated fatty acid intake of between 6 and 10% has been recommended, the greater proportion (5-8% total energy) being n-6 cis-polyunsaturated fatty acids and intake of cismonounsaturated fatty acids being determined by difference, assuming a saturated fat intake of no greater than 10% total energy. These ranges permit a wide variety of food choices, compatible with most dietary patterns. Trans-fatty acids from manufactured foods, which increase the risk of ischemic heart disease and some cancers, should be eliminated as far as possible from the diet.
Carbohydrate
Carbohydrates are the most important source of food energy in the world. A wide range of cereals including rice, wheat, maize, barley, rye, oats, millet and sorghum are staple foods in many different dietary patterns. Starchy roots, pulses, other vegetables, fruit and sugar all contribute to a varying extent to the energy derived from carbohydrate, which generally ranges between 40 and 80% of total food energy, depending upon per-sonal preference, culture and economic status. Carbohydrate-containing foods are also important sources of antioxidants, protein, vitamins, minerals, phytochemicals and sterols.
Glucose is essential as an energy source for the brain, red blood cells and the renal medulla. The body can generate approximately 130 g of the 180 g glucose required from noncarbohydrate sources via gluconeogenesis. Thus, the recommended minimum intake is considered to be about 50 g/day. However, utilizing gluconeogenesis is not a particularly efficient means of generating glucose and could necessitate a protein intake above usual requirements or, where protein intakes are marginal, an increase in muscle protein breakdown. A carbohydrate intake greater than the recommended minimum intake is preferable. If sufficient glucose is not available from the diet or via gluconeogenesis, these organs adapt by using ketones derived from fatty acid oxidation as an energy source. Ketosis may impair cognitive function, and other possible longterm effects are unknown. Requirements for glucose are increased during pregnancy and lactation, and the fetus may be adversely affected by ketosis, so the minimum recommended intake of carbohydrate during these phases of the life cycle should be around 100 g/day.
Most dietary patterns provide an appreciably higher intake than these minimum requirements. Average intakes range from around 200-250 g in countries where a 'Western' dietary pattern is the norm (e.g. USA, UK, Australia, The Netherlands) to over 400 g in some Asian countries and elsewhere where indigenous populations consume traditional diets (e.g. Papua New Guinea and many African countries). Epidemiologic observations and dietary intervention studies, mostly involving intermediate end points (biomarkers or risk indicators) have led many national and international organizations to recommend a range of intakes higher than those typically consumed in Western countries. From a health perspective, the major justification for recommending a relatively high intake of carbohydrate is the expectation of a reduced risk of ischemic heart disease by facilitating a reduction in intake of fat. The FAO/WHO Scientific Update on Carbohydrates recommended a range of 50-75% total energy. The European Food Safety Authority suggests that for adults and children intakes should range between 45 and 60% total energy, a range more compatible with current European and North American practices. The nature of carbohydrate is arguably more important than the quantity. Avoidance of excess intakes of sugars is recommended, either in the form of food-based guidelines (e.g. in South Africa) or in quantitative terms (e.g. WHO recommends that free sugars should provide less than 10% total energy) to reduce the risk of overweight and obesity and rates of dental caries, now acknowledged worldwide as an important chronic disease. Of course, both obesity and dental caries have many causes other than intake of sugar. Recommendations regarding dietary fiber have been complicated by lack of agreement regarding definitions, but CODEX has now agreed on a definition which distinguishes between the naturally occurring fiber in plant-based foods from synthetic and extracted fiber. The WHO has recommended that at least 25 g of dietary fiber (20 g nonstarch polysaccharides) from plant foods should be consumed daily. This advice taken in conjunction with the recommendation to reduce sugars represents an attempt to ensure that the bulk of the carbohydrate intake is derived from minimally processed wholegrain cereals, vegetables, pulses and fruit. Foods rich in dietary fiber are associated with reduced risk of colon cancer, coronary heart disease and type 2 diabetes.
The recent argument that high-carbohydrate diets promote insulin resistance and increase the risk of obesity and associated diseases, especially type 2 diabetes, and conversely that a low carbohydrate intake is beneficial in these regards has led to the recommendation by some researchers and practitioners that reduction of carbohydrate (sometimes to levels as low as will cause ketosis) should be followed by all at-risk individuals and even populations with high rates of obesity. While there has been fairly widespread adoption of such practices, they have not been recommended by official bodies. Indeed, there is no evidence against the advice that a wide range of carbohydrate intake is acceptable, provided appropriate carbohydrate-containing foods predominate. A low glycemic response after eating carbohydrate-containing foods has been suggested as a useful means of identifying such foods. While many 'low-glycemic-index' foods do represent appropriate food choices, the approach is not generally accepted as being universally applicable. There is considerable inter-and intraindividual variation in glycemic responses to the same foods, the composition of many foods is not consistent, and many low-glycemic-index foods are high in fat or sugars.
Conclusions
• When adequate food supplies are available, macronutrient requirements are generally readily met regardless of the preferred dietary pattern.
• A wide range of intakes is compatible with satisfactory growth and development, maintenance of good health and longevity.
• Other than in situations of food insecurity, an excessive intake of energy-dense foods high in total fat and free sugars, which contribute to the global epidemic of obesity and its comorbidities, is arguably the issue relating to macronutrients which is of greatest importance to human health.
• Globally applicable dietary guidelines ( table 4 ) can readily translate recommended ranges of macronutrient intakes into appropriate food choices. 
